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During the first 5GAA WG1 meeting a new WI on use cases and KPI requirements was approved [1]. An initial list of 12 use cases that WG1 should study was recommended by the 5GAA board [2]. During the second 5GAA WG1 meeting it was agreed that the use cases should be described in more detail following a template applicable to wide range of use cases [3], which was updated in [4] and extended in [5].
In this contribution we propose a description of the use case “Cooperative Manoeuvres of Autonomous Vehicles for Emergency Situations” for the second wave (Wave 2) of WG1 use cases. The original proposal by Huawei has been updated in terms of detailed justifications for SLRs derived in the 7th F2F meeting in Paris in July, 2018.
Use Case Description
In this section we propose the use case description by employing the 5GAA template.
	Use Case Name
	Cooperative Manoeuvers of Autonomous Vehicles for Emergency Situations

	User story
	An Autonomous Vehicle identifies a dangerous situation (e.g., collision with a moving object) and undertakes to coordinate with neighbouring AVs in order to jointly decide and perform their manoeuvres.

	Category
	Safety, Advanced Driving

	Road environment
	Intersection | Urban | Rural | Highway

	Short Description 
	An obstacle is detected by an Autonomous Vehicle (AV) in its lane and a manoeuvre is needed to avoid the crash with the obstacle e.g., sudden lane change. However, this could result in an accident with a neighbouring AV or an approaching AV (or AVs) in the adjacent lane. The emergency manoeuvre together with the actions (e.g., emergency breaking, manoeuvre) of neighbouring vehicles are agreed and planned in a cooperative manner. The cooperation among AVs increases the safety to avoid the dangerous situation as well as reduces the risk of a collision with adjacent AVs due to an emergency manoeuvre.

	Actors
	Vehicle

	Vehicle roles
	There are two roles of AVs involved in this use case: 
· Host Vehicle (HV)
· Remote Vehicle (RV)

	Road & Roadside Infrastructure
	Not a necessary role for the specific user story.

	Other Actors’ roles
	Not other necessary role for the specific user story.

	Goal
	Eliminate accidents during such unforeseen situations by enabling quick coordination between vehicles.

	Needs
	To enable vehicles to exchange information about intended manoeuvres and agree on planned trajectories in a cooperative manner.

	Constraints / Presumptions 
	· The HV and RVs are AVs and equipped to share messages conveying precise location, speed, acceleration, trajectories and sensor data.

	Geographic Scope
	Everywhere

	Illustrations 
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	Pre-Conditions
	· RV is following the HV at the adjacent lane

	Main Event Flow
	· The HV detects an obstacle, using information received by sensors or cameras that the HV is equipped with and identified with need to execute an emergency manoeuvre to avoid the collision with the obstacle. 
· The HV, taking into account the distance from the obstacle, road conditions if available and the position of other RVs provides its trajectory to avoid the collision with the detected obstacle. 
· The RV(s), based on its current status and location, considering also traffic and road conditions, checks if HV’s planned trajectory can be executed without creating any further risk for a collision between the corresponding RV and the HV due to its emergency manoeuvre:
· If an adaptation of RV’s driving behaviour is needed to allow the HV to apply its emergency manoeuvre in a safe manner then the RV informs the HV about RV’s updated trajectory and/or acceleration/braking etc.
· Else the RV replies to the HV by providing its current/planned trajectory.
· The HV, checks whether an adaptation of initially decided trajectory is needed taking into account RV’s response. The HV notifies the RV about updated trajectory.
· Lateral and longitudinal controls are applied simultaneously (based on agreed trajectories) by the HV and RVs until the manoeuvres are completed.

	Alternative Event Flow  [footnoteRef:1][2] [1: [2] Alternative Event Flows in this document are not intended as replacements for the Main Event Flow.  They are intended to represent different possible flows.] 

	Not applicable

	Post-Conditions
	After the completion of the agreed manoeuvers and the avoidance of the collision of the HV with the detected obstacle the AVs (HV, RV) drive safely towards their defined destination.

	Service-Level Requirements
	· Range
· Information Generated
· Service Level Latency
· Service Level Reliability
· Velocity
· Positioning 
· Interoperability

	Information Requirements  
	· Vehicles’ location, speed information
· Vehicles’ Trajectory
· Driving intention (brake, accelerate)
· Traffic conditions
· Road conditions



Performance Requirements
	KPI Title
	KPI Value
	Explanations/Reasoning/Background

	Payload (Bytes)
	1000

50

300


	Initial message

ACK

Continuous stream of coordination messages 
(cf. UC description)

	Tx rate (Message/ Sec)
	20 for continuous stream between two vehicles / groupcast

If unicast between HV and more than one RV, then more messages might be needed.
	The total Tx rate depends on the number of vehicles involved and on whether the communication is done in a unicast or broadcast manner.

	Max end-to-end latency
(ms)
	<10
	Compare with UC description, the service-level latency of 10 ms should be reachable.

	Reliability (%)
	95
	In the continuous stream of messages, we anticipate some message losses, therefore the SL-reliability should be approximately 99.9%, as stated in the UC description. If we consider retransmission of messages, then the probability to lose both copies of one message turns out as 0.05*0.05=0.25, being equivalent to an SL reliability of 99.75%, which we deem good enough.

	Data rate (Mbps)
	64kbps
	Rate for continuous stream of messages after initial message exchange, cf. UC description

	Min required communication
 range (meters)
	150
	See UC description



Conclusion
In this contribution, we have proposed a use case description for Cooperative Manoeuvers of Autonomous Vehicles for Emergency Situations.
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